
In studying the effectiveness of iodine as a disinfectant for swimming pools,
the authors found it to be more effective than chlorine.
Furthermore, iodine had no unpleasant side effects.

EFFECTIVENESS OF IODINE FOR THE DISINFECTION OF

SWIMMING POOL WATER

A. P. Black; James B. Lackey; and Elsie Wattie Lackey

CHLORINE added either in the form of
a gas or as one of the commercially

available high test hypochlorites is un-
questioniably the most widely used agent
for the disinfection of swimming pool
water. In recent years bromine has been
suggested for this purpose and equip-
ment for its continuous feeding is com-
mercially available, but to date it has
found relatively little acceptance.

Chlorine, however, as a disinfecting
agent for swimming pool water has cer-
tain disadvantages. When applied to
water it first reacts with ammonia, am-
monium compounds, and other nitrogen-
otis compounds which may be present
to form chloramines. When added in a
concentration sufficient to destroy these
compounds the process is termed "break-
point" chlorination and any chlorine re-
maining after these compounds have
been destroyed is called "free" chlorine
residual. Chlorine present in water in
the form of chloramines is called "com-
bined" chlorine and measured residuals
are termed "combined chlorine residu-
als." Within the preferred pH range
of swimming pool water, namely 7.2-7.8,
monochloramine is the main compound
present. Numerous investigators, no-
tably Wattie and Butterfield' have
shown that the ability of chloramines to
destroy bacteria is far less than that of

free available chlorine. These investiga-
tors demonstrated that in chlorine-free,
chlorine demand-free water of pH 7.8
some Escherichia coli survived after 120
minutes' exposure to water containing
0.30 ppm of chloramine and at pH 8.5,
some E. coli survived for 240 minutes
at the same chloramine concentration,
namely 0.30 ppm. In contrast, no E.
coli survived after five minutes' exposure
to water containing only 0.07 ppm of
free chlorine at pH 7.8 and at pH 8.5
no E. coli survived after 10 minutes'
contact with water containing 0.07 ppm
of free chlorine. The statement is com-
monly made that free chlorine is ap-
proximately 30 times as effective as
chloramines in bactericidal efficiency.

Also, when chlorine is added in an
amount sufficient to destroy ammonia
and other nitrogenous compounds pres-
ent in the water, there is formed nitro-
gen trichloride which has a distinctive
odor and may cause eye and nose irrita-
tion to some bathers.

It has been shown that the bactericidal
activity of free chlorine is due almost
entirely to hypochlorous acid formed by
its reaction with water. Since at high
pH values this acid is neutralized to
form the hypochlorite ion, the bacteri-
cidal efficiency of chlorine decreases
steadily as the pH of the water increases.
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DISINFECTION OF SWIMMING POOL WATER

The following tabulation illustrates the
effect of pH on the hypochlorous acid
present in water:

Per cent of Free Available Chlorine as: 2
Mole- Hypo-
cular

pH Chlorine
4 0.5
5 0
6 0
7 0
8 0
9 0
10 0

chlorous
Acid
99.5
99.5
96.5
72.5
21.5
1.0
0.1

Hypo-
chlorite

Ion
0

0.5
3.5

27.5
78.5
99.0
99.9

Finally, one may envision a situation
where a free chlorine residual is present
in the water at the beginning of the
daily peak load of a swimming pool. As
the ammonia content of the water in-
creases, however, this free chlorine resid-
ual is quickly converted to a combined
chlorine residual and the bactericidal
property of the chlorine in the water is
greatly decreased as has been shown.

In recent years attention has been
directed toward the use of iodine as a
disinfecting and sanitizing agent in a
variety of fields, notably in water purifi-
cation and in restaurant, dairy, and hos-
pital sanitization. Several novel and ef-
fective iodine preparations, such as the
"lodophors" and other products which
liberate elemental or "diatomic" iodine,
are now on the market. The public is
becoming accustomed to iodine's use in
fields other than as an antiseptic. It is
widely used in the form of iodized salt
in human foods and animal feeds. Our
Armed Services some years ago adopted
"Iodine" tablets in place of Halazone
(chlorine) tablets for disinfection in the
field of water in canteens, based on the
finding that iodine in drinkable dosages
will kill amebic cysts while chlorine will
not. And, finally, the price of iodine
has come down to a level where the
unique properties of iodine will permit
it to compete more favorably with its
cheaper and widely used halogen com-
petitor, chlorine.

The very practical result of these de-
velopments is that iodine is acquiring a
steadily increasing commercial impor-
tance in routine disinfection and saniti-
zation procedures. More and more
federal, state, and local agencies are ap-
proving the use of iodine preparations
for various disinfecting and sanitizing
purposes, notably in the fields of dairy,
restaurant, and hospital sanitization pre-
viously referred to; and further growth
in these directions at an accelerated rate
would seem to be a reasonable expecta-
tion. Because of these developments it
has been felt that a thorough study
should be made of the efficiency of io-
dine as a disinfecting agent for swim-
ming pool water and this investigation
was planned with that objective in view.

Swimming Pools Used for Study
In planning the study two courses of

action were open. The first was to select
one or possibly two pools for detailed
and intensive study of the various fac-
tors involved. The second was to select
a larger number of pools varying in size
and bathing load and to study them for
an extended period of time under actual
operating conditions. The latter plan was
adopted. Seven pools in Gainesville,
Fla., and one in Coral Gables, Fla., were
selected for the study. The basic data
describing the various pools are given
in Table 1. They ranged in size from
the Olympic size pool of the University
of Florida to small home-type pools at
three motels. Bathing loads varied from
1,727 persons who used the University
of Florida pool on the first day of the
study to as few as three persons per day
using the small motel pools.

For each of the three large pools used
in these studies hourly or daily bather
counts were available. For the smaller
pools bathing loads are based on in-
formal records kept for us by swimming
pool operators. It may also be men-
tioned that bathing loads were fairly
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DISINFECTION OF SWIMMING POOL WATER

uniform throughout the day since the
three large pools were used for instruct-
ing swimming classes in the mornings
and were available for recreational use
in the afternoons and early evenings.

Description of Field Procedures

As a control, the first three weeks of
the study, July 7-25, were devoted to
the collection of data representing nor-
mal swimming pool operation with chlo-
rine gas being used at the three large
pools and high test hypochlorite at the
four small Gainesville pools. Values for
residual chlorine and pH during this
period were taken from pool operating
records or determined at the time of the
visits either by the pool attendant or
the field chemist. At the Riviera Courts
Motel in Coral Gables data covering the
use of chlorine were collected for three
days and for the use of iodine for the
seven following days.

Methods for Addition of Iodine

For the three weeks' period beginning
July 28 and ending August 15, 1958,
all pools except one received potassium
iodide equivalent to a dosage of one ppm
of iodine on Tuesdays and Saturdays of
each week. The University of Florida
pool received the iodide dosage for only
two weeks since that pool was closed for
the summer on August 8.
The crystalline potassium iodide was

broadcast by hand over the surface of
the pool with a small amount of chlorine
added to release free iodine. This opera-
tion was carried out in accordance with
the Marks and Strandskov "Procedure
for Disinfecting Aqueous Liquid" (U. S.
Patent 2,443,429 assigned to Wallace
and Tiernan Products, Inc.) . On August
16, the dosage was doubled; potassium
iodide equivalent to two ppm of iodine
being applied to the four Gainesville
motel pools twice weekly during the
remainder of the test period.

At the Gainesville Golf Club pool
treatment with potassium iodide using
a minimum amount of chlorine to release
free iodine was discontinued on August
20. Feeding of a partly saturated water
solution of iodine was begun on August
21. This feed was continued through
September 1.
At the Lincoln pool for the greater

part of the tests with potassium iodide
excessive amounts of chlorine beyond the
amounts required for releasing the con-
tained iodine were inadvertently fed.
Such data were not representative. On
August 20 at the Lincoln pool feeding
of a 2 per cent solution of iodine in
potassium iodide was begun and con-
tinued through September 1.
From time to time during the course

of the tests a combination of potassium
iodide and an iodine-releasing material
was added to one or another of the pools.
At the Riviera Courts Motel this was
the only method of application used and
all bacteriological data from that pool
reflect results obtained in this manner.

Sampling
Methods of sampling are described in

Appendix A.

Laboratory Methods of Analysis
Bacteriological tests were made as de-

scribed in Appendix B.
Chemical tests for determination of

residual chlorine and residual iodine are
described in Appendix C.

Discussion of Data

During the study, chemical and bac-
teriological tests were made regularly.
The number of chlorine and iodine sam-
ples tested and the number having a
most probable number of 2.3 or less are
shown in Table 2.

Efforts were made to determine the
lowest concentration of iodine that
would be effective. Accordingly, some
very low iodine residuals were recorded.
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Table 2-Relationship of Halogen Residual to M.P.N.-Eight Pools

C12 I2
Per cent of Per cent of

Distribution of Values No. Subtotal No. Subtotal

Samples with no measurable residual 2 .. 41
Samples with M.P.N. 2.3 or less 2 100.0 23 56.1

Halogen residual 0.01-0.09 ppm 0 .. 36
Samples with M.P.N. 2.3 or less .. .. 26 72.2

Halogen residual 0.10-0.19 ppm 46 .. 36
Samples with M.P.N. 2.3 or less 36 78.3 29 80.5

Halogen residual 0.20-0.29 ppm 67 .. 31
Samples with M.P.N. 2.3 or less 60 89.4 27 87.1

Halogen residual 0.30-0.39 ppm 40 .. 16
Samples with M.P.N. 2.3 or less 33 82.5 14 87.5

Halogen residual 0.40-0.49 ppm 35 .. 5
Samples with M.P.N. 2.3 or less 33 94.3 5 100.0

Halogen residual 0.50 ppm or more 82 .. 57
Samples with M.P.N. 2.3 or less 74 90.2 56 98.2

Halogen residual undertermined but + 24 .. 48
Samples with M.P.N. 2.3 or less 23 95.8 47 97.7

Total samples, 8 pools 296 270

Most probable number < 2.3 261 227
Fraction of total samples 88.1% 84.1%

Total samples with measured Halogen res. 270 181
Most probable nuxmber < 2.3 236 157
Fraction of subtotal as described 87.4% 86.7%

Total samples Halogen res. > 0.20 ppm 224 109
Most probable number 2.3 200 102
Fraction of subtotal as described 89.3% 93.6%

Total samples Halogen res. > 0.10 ppm 270 145
Most probable number < 2.3 236 131
Fraction of subtotal as described 87.4% 90.3%

Inspection of Table 2 shows that 28 per
cent of the samples had iodine residuals
below 0.10 ppm. Even at these low
levels 63 per cent of the samples revealed
water of acceptable quality.

In most of the tests using iodine it
was fed in the form of potassium iodide
at the rate of two to four parts per mil-
lion of iodine per week. The iodine was
released by feeding chlorine at levels

low enough to leave a residual of iodide
in addition to the free iodine made
available. (One part of iodine is released
from iodide by 0.28 part chlorine.)
Some of the free iodine which was

reduced to iodide by combining with
bacteria and other matter again was re-
leased by subsequent applications of
chlorine, thus maintaining free iodine
residuals.
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DISINFECTION OF SWIMMING POOL WATER

In two pools it was not feasible to
decrease the chlorine fed to the very
small amount required to liberate iodine
from the potassium iodide. Under these
conditions it is assumed that the excess
chlorine converted the iodine to the in-
active iodate form.

In another pool, potassium iodide and
an iodine-releasing agent were fed by
hand to the surface of the pool. The
average daily dosage of iodine was one
part per million with an average residual
of 0.28 ppm. This emphasizes that a
small pool with a light bathing load does
not differ greatly in total iodine con-
sumption from a large pool with a very
heavy bathing load. It also indicates
that the iodine demand of a given pool
is much less dependent upon the bathing
load than is the case with chlorine.
On the basis of equal residuals of

iodine and chlorine, the quality of the
treated water is the same. As pointed
out, however, free chlorine combines
quickly with ammonia introduced by
swimmers and may be immediately con-
verted to the slow acting chloramine
form. Another factor of importance is
the amount of the element required to
maintain a proper residual. For exam-
ple, in one pool chlorine was fed at the
rate of 7.7 parts per million per turnover
or 15.6 ppm per pool day. This is at
the rate of 109.2 ppm total chlorine per
week. Chlorine residuals ranged from
0.2 to 0.8 ppm with pH between 7.1
and 7.9. In contrast, iodine fed at the
rate of four ppm per week as potassium
iodide (released by small amounts of
chlorine) provided water of acceptable
quality with residuals in the range of
0.11 to 0.40 ppm, with some higher
values recorded.

Relative Effectiveness of Chlorine and
Iodine as Algaecides

During the course of the work all
pools were closely observed for the pos-
sible appearance of algae. During the

entire investigation no algae were pres-
ent in any pool in a concentration visible
to the naked eye. This is believed to
indicate that both chlorine and iodine
acted as efficient algaecides during the
course of the work. Two other items of
evidence may be offered in support of
that statement. The first is that at the
Tom Sawyer Motel pool a small wading
pool adjoined and was connected to the
main pool. Growths of algae were visi-
ble in the wading pool during the course
of the work and living cultures were
removed for laboratory study, whereas
none were present in the main pool. This
probably resulted from poor recircula-
tion and the very shallow water depth,
approximately 18 inches. Second, within
a week following shut down of the Lin-
coln pool, a prolific growth of algae
developed before the pool was drained.
One of the authors of this paper is

conducting a careful laboratory study
of the relative effectiveness of chlorine
and iodine as algaecides and his results
will be published as a separate paper.
Meanwhile, he has summarized his con-
clusions as follows:
"The control of algae in swimming pools

shows two aspects. (a) The immediate growth
of algae, especially in abundance as evidenced
by visible observation, is well controlled by
the usual algaecides and by iodine, not usually
thought of in this connection but apparently
fully effective. (b) There is, however, a
small group of algae which in treated pools
either grow with extreme slowness or remain
static. When samples from such pools are
brought into the laboratory and maintained at
suitable temperatures but not open, they evi-
dently develop growths of blue-green algae,
chlorococcales (green algae), and Xanthophy-
ceae (yellow algae). Control, therefore, must
be maintained for these can readily seed a
pool if treatment fails."

Effect of Iodine on Color of Pool Water

When either pellets or crystals of a
mixture of potassium iodide and an io-
dine-releasing compound were added by
hand to swimming pools, there developed
a dark brown cloud at those points
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where iodine was being released. When
this was done with swimmers in the pool
the cloud was quickly and uniformly
disseminated throughout the water.
When, however, iodine was added con-
tinuously through the pool circulating
system no such brown cloud or visible
color developed. The color of the water
of pools containing appreciable iodine
residuals was a clear, pleasing aqua-
marine green.

Development of Tastes and Odors

During the period when chlorine was
being fed, the water of all pools ex-
hibited the familiar odor and taste asso-
ciated with the presence of that element
or its compounds in water. It was more
noticeable in some pools than in others
but it was present everywhere. On the
other hand, following the beginning of
iodine feed no perceptible odor or taste
was present in the water of any pool, a
fact which was the subject of frequent
comment not only by members of the
study staff but by a large number of
bathers using the pools. No complaints
of eye irritation were received from
bathers.

Summary and Conclusions

A study was made of the effectiveness
of iodine as a disinfecting agent for
swimming pool water. The study period
extended from early July to mid-Decem-
ber, 1958. Eight pools were employed,
seven in Gainesville, Fla., and one in
Coral Gables, Fla. The pools varied in
size from the Olympic-size pool of the
University of Florida to small home-type
pools at three motels, and in bathing
loads from over 1,700 persons per day
to as low as three persons per day. The
study staff included, in addition to the
three senior authors, two additional
chemists, one bacteriologist, and two
laboratory technicians. A total of 645
individual samples were analyzed chemi-

cally and bacteriologically, and a total
of 6,588 tubes were inoculated. Over
1,600 miles were traveled by car in
collecting samples during the study.
Based upon the studies described in
this report and the large amount of data
collected, the following conclusions seem
justified:

1. When compared upon the basis of halo-
gen residuals in the range usually employed
in swimming pools, iodine was fully effective
in the disinfection of the water of the eight
swimming pools treated. It was not only equal
to chlorine but in many cases superior.

2. To maintain the desired iodine residual,
particularly in pools with high bathing loads,
required a much smaller applied dosage than
was true of chlorine. Such iodine dosage was
only slightly higher than that required for
the disinfection of a home-type pool with a
low bathing load.

3. To phrase the above conclusion in an-
other way, iodine residuals appear to be much
less dependent upon bather load than do
chlorine residuals. This might be expected
because iodine does not form substitution com-
pounds with ammonia as does chlorine. One
may conclude from this statement, therefore,
that at the beginning of a bathing peak, a
given iodine residual might be safer than a
like "free" chlorine residual since there exists
the strong possibility that the "free" chlorine
residual might quickly be converted to a
much less effective chloramine residual,
whereas the iodine residual would not be
affected by ammonia introduced by swimmers.

4. Because of the number of factors in-
volved, it is not possible to give arbitrary
figures for either chlorine demand or iodine
demand which would fit all pool situations.
However, it is easier to approximate the aver-
age iodine demand of swimming pools than
the chlorine demand since it is much less
dependent upon bathing load, the most im-
portant single factor involved. These studies
appear to indicate that a daily dosage or one
ppm of iodine would be sufficient under most
conditions of use for home pools and perhaps
double that figure for more heavily used pub-
lic pools.

In terms of residuals, approximately 0.2
ppm of iodine should be sufficient to provide
water of satisfactory quality. A residual of
0.1 ppm was almost as good.

5. No odors or tastes or irritations of the
eyes of bathers were produced by the iodine
residuals employed during the course of these
studies.
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6. Although most of the studies were con-
ducted during the hot summer months with
high temperatures predominating in seven of
the pools, no visible growths of algae were
noted during the testing period.

7. When iodine was uniformly distributed
throughout the swimming pool either through
the recirculation system or otherwise, no
brown iodine color was observed, the over-all
effect being the production of a pleasing aqua-
marine green color in the swimming pool
water.
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APPENDIX A

Sampling
Individual samplers were constructed for

each pool and left at the pool for use during
the entire course of the investigation. A
sampler consisted of a smooth nine-foot cy-
press pole with a four by four inch block
nailed to the bottom. A one-liter narrow
mouth glass stoppered bottle was placed on
the block and stoutly wired in place with

heavy aluminum wire. These samplers proved
most satisfactory.
The method of sampling was as follows:

The bottle was immersed in pool water, al-
lowed to fill, inverted and allowed to drain
while shaking vigorously. This procedure was
repeated four times before a sample was col-
lected. The bottle was then plunged almost
to the bottom of the pool near the diving
board at the deep end and the operator walked
slowly to the corner of the pool, turned and
proceeded toward the shallow end, meanwhile
gradually raising the bottle toward the sur-
face. Using this procedure approximately 18
seconds were required to fill the bottle which
provided a representative composite sample
both with respect to depth and area. The
top was quickly removed from a wide mouth,
500 ml sterilized glass bottle containing suf-
ficient sodium thiosulfate to remove the halo-
gen residual. The bottle was quickly filled,
almost but not quite to the top, from the sam-
pling bottle, the top replaced and the sample
immediately placed in the ice box. Ice boxes
were available at all but one of the pools for
refrigerating samples. Since the University
of Florida pool adjoins the building in which
the laboratory was located, all samples for
bacteriological examination were carried to
the laboratory by the pool attendant at the
time of collection and dilutions immediately
made by the laboratory staff.
At each pool the owner, operator, or a

swimming pool attendant or life guard was
selected and carefully trained in the technic
of sample collection. These individuals
routinely collected samples for bacteriological
examination during the study period. Most
of the time the field chemist on the project
either assisted or supervised the collection of
the first morning sample while on his rounds
to collect the bacteriological samples of the
previous day and leave fresh sterilized bottles
for the current day. This procedure proved
quite satisfactory and the results of the study
indicate that very few samples were con-
taminated by handling during the course of
the investigation.

Samples for chemical examination were col-
lected twice daily, the first one in the morning
at the time the field chemist made his rounds
to collect the bacteriological samples of the
previous day. A second visit was made to
each pool in mid-afternoon by the field chemist
and a second sample collected.

APPENDIX B
Laboratory Methods of Analysis-Bacteriological

Bacteriological analyses were made follow-
ing exactly the methods outlined in "Standard
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Methods for the Examination of Water, Sew-
age, and Industrial Wastes," Tenth Edition.
Upon arrival at the laboratory all samples
were entered in the log book, together with
all pertinent data with respect to date and
time of collection, pool number, and date of
examination. Standard lactose broth (Difco
dehydrated) was inoculated using three dilu-
tions of the sample and three tubes per dilu-
tion. The dilutions used were three 100-ml
portions, three 10-ml portions, and three one-ml
portions. All tubes were incubated at 350 C.
At the end of 24 hours' incubation, tubes were
examined for gas production and the presence
of gas was recorded as a positive presumptive.
Using a sterile three-mm loop all positive
tubes were transferred to Brilliant Green Bile
Broth 2 per cent (Difco dehydrated) for con-
firmation of the coliform group. Production
of gas in the B.G.B. tube was considered a
positive test for the presence of the coliform
group. The lactose broth tubes were incubated
for an additional 24 hours and any tubes
showing gas production were treated in a
similar manner. In recording data positive
presumptives failing to confirm in B.G.B. were
ignored and only those samples confirming in
B.G.B. were considered as positive. The "coli-
form index" was recorded as the "most prob-
able numbers" per 100 ml of sample using
Table 21c, page 386, in "Standard Methods
for the Examination of Water, Sewage, and
Industrial Wastes," Tenth Edition. Of a total
of 6,588 lactose broth tubes inoculated during
the course of the work from chlorine and
iodine treated pools, about 15 per cent showed

gas formation in 24 hours and an additional
5 per cent showed gas in 48 hours. Of the
tubes showing gas in 24 hours, about 90 per
cent confirmed in B.G.B., as might be ex-
pected, and of the tubes showing gas in
lactose broth in 48 hours, about 70 per cent
confirmed in B.G.B.

APPENDIX C
Laboratory Methods of Analysis-Chemical
Most determinations of residual chlorine

during the first three weeks of this study were
made using orthotolidine and kits available at
the pool. Occasionally, however, an am-
perometric titrator was carried to some of the
pools and determinations run at the pools.
Similarly, during this period pH values were
determined colorimetrically using pool kits.
When the feeding of iodine was begun,

however, the one-liter morning and afternoon
samples were placed in a slurry of cracked
ice and water and carried to the laboratory
for analysis. A number of tests, made both
at pool site and on identical samples iced
and carried to the laboratory, showed that
iodine residuals did not decrease appreciably
in samples so treated. Iodine residuals were
determined amperometrically, and pH values
were determined using a Beckman Model G
pH meter. Three Wallace and Tiernan am-
perometric titrators were available and were
used in rotation. When not in use electrodes
were allowed to stand in a weak solution of
iodine in order to increase the sensitivity of
the instruments.
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